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ABSTRACT

The results of the afterbody drag study are presented
in four volumes -- Volume 1: Drag of Conical and Circular
Arc Afterbodies; Volume 2: Jet Interface Effects on Sub-
sonic Boattail Drag; Volume 3: Literature Survey and
Volume 4: Data and Analysis.

Volume 3 includes summaries of 119 reports, a

bibliography of 608 reports, and a discussion of theoretical
approaches to afterbody drag.

ADMINISTRATIVE INFORMATION

The survey was conducted by the Aviation and Surface Effects

Department of the David W. Taylor Naval Ship Research and Development

Center with clerical assistance by Payne, Incorporated under ONR Contract

N0014-75-C0926. The afterbody drag project was supported by the Naval

Air Systems Command and the Naval Weapons Center under Program

Elements 61153N, 63361N, and 62332N; Task Areas WR 023 02 003,

W15X20000, and F32.322.203; and Work Units 1660-234 and 1660-235.

The references and bibliography are in the format of Payne,

Incorporated.

N INTRODUCTION

A literature survey was conducted as part of the afterbody drag

evaluation project. The results of the survey are presented in four

sections: (1) discussion of studies by various authors; (2) list of

119 reports considered applicable to the evaluation; (3) summary

of the 119 reports in tabular form C abix-11; and (4) bibliography

of open literature (608 reports and papers).
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DISCUSSION U
The literature survey disclosed that the vast majority of the open

literature reports are very specialized or address a narrow subject I
matter. These reports are not suitable for establishing a basis from

which the effects of the various geometrical, physical, and environmental I
parameters of afterbody drag can be systematically investigated. Only I
a small number of the reports are suitable for this purpose. These

reports address conical afterbodies in the subsonic and transonic J
speed ranges.

Studies, evaluations, or research generally can be classified as

experimental, empirical, or theoretical.

EXPERIMENTAL

In the subsonic and transonic speed ranges, only a small number of

reports of the experimental type are suitable for establishing the

foundation of an afterbody drag evaluation. References 1 through 5* are

in this category and are based on the systematic testing of basic con-

figurations over a wide range of geometrical parameters and Mach numbers.

EMPIRICAL

References 6 through 11 present various approaches to the problem of

predicting boattail drag.

McDonald and Hughes 6 propose a method for the prediction of boattail

t drag and base drag of curved, conical, and cylindrical afterbodies and the *

4effect of jet flow on the drag characteristics of the three types of

afterbodies. The method, however, does not consider variation of the

*A complete listing of references is given on page 5.
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drag characteristics with Mach number, and its applicability is therefore

limited. The method does introduce a direction of approach which can

I be applied to further investigations.

Bergman 78proposes several approaches for the prediction of after-

body drag. One approach (Reference 7) presents qualitative and

Iquantitative analysis of the effect of nozzle geometry and some physical

parameters on the boattail drag. However, the effect of Mach number

1 and base drag is not considered. A subsequent method (Reference 8)

also does not consider base drag and is suggested only for Mach numbers

less than 0.9.

The method of Swavely and Soileau' uses a parameter referred to as

Integral Mean Slope, which is obtained by integrating an area ratio

equation. The area ratios are obtained from the boattail and nozzle

geometry. Due to the involved computations, the merits of the method

were not investigated. The method has been modified by Brazier and

Ball.1
0

The Presz-Pitkin method1 predicts the flow separation point and

pressure distribution on a boattail with a given solid surface sting ini subsonic flow. After a determination of the separation point, an inter-

active method is used to match a calculated inviscid flow field, an

I attached boundary-layer, a control volume separation point, and the

separated flow field model. This complex method is not included in

I this assessment.

THEORETICAL

I The literature is a means for obtaining the theoretical relation-

I ships for correlative formulations. No significant, applicable theoretical

I3
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method with respect to subsonic and transonic flow was discovered which

could be useful for the specific purpose of this investigation.

For supersonic flow, theory is of greater applicability because it is

easier to treat mathematically. Consequently, a number of mathematical

treatments of afterbody drag in supersonic flow are available. Although

the supersonic case was not given extensive consideration, the work of

12
Chapman, with respect to base pressure, is fundamental. A correlation

by Love 1 3 is based on the Chapman method for a variety of configurations

and local Mach numbers. The base pressure is also useful in determining

the boattail drag coefficient in the supersonic case. There is much

material available to allow a systematic treatment of the supersonic

case with respect to boattail and base drag (Brazzel and Henderson1 4

4
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II

JSYMBOL CODE AND DEFINITIONS FOR TABLE 1

Forebody Geometry

N Ogive nose B2 Odd-shaped fuselage

N Blunt nose B3  Body of revolution
2 3

N Conical nose W Wing
3

B1  Cylindrical body

Afterbody Geometry (Contour)

A Conical A Other body of revolution

A 2  Circular arc A 6  Ogival

A3  Elliptical A 7  Other

A4  Cylindrical A 8  Flared

Fineness ratio
d
m

S Maximum boattail angle

P
t

d a Jet pressure ratio

d
a Jet diameter ratio

d
4 m

Jet Nozzle Geometry

N Conical N5  Plug

*!N Contoured N Blast tube
* ,2 6

N Converging N7  Cylindrical
37

N4  Converging-diverging N8  Some

Fin Thickness Fin thickness ratio
Mean Length of Chord
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Trailing Edge PositionI

Flush Flush with baseI

Aft Aft of base

Forward Forward of baseI

b Base diameter ratio1
dm

b 2 Base area ratio

m

Boundary Layer Character (Afterbody)

L Laminar

iT Turbulent

T Transitional

r

L/T Laminar/turbulent

R d  Reynolds number based on d max

R Reynolds number based on total body length

Mounting Technique

MI1 Sting M 5  Nose tube

M2  Strut M 6  Wing support-

M 3  Free flight M 7  Splitter plate

,M 4  Magnetic suspension

" Boattail Pressure Distribution

SPT Static pressure taps
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I

Output Format

I TE Theoretical equations

EC Empirical correlations

G Graphs

T Tables

C Combination of above

Results, Limits

TC Test conditions

ii
i
I

i
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TABLE I - SUMMARY SHEETS OF EXPERIMENTAL

INVESTIGATION REPORTS SURVEYED

EPORTS SURVEYED

2 3 4 5

MACH NUMBER RANGE 2.01, 3.27 .6 - 30 4.02 0.5 - 0.85 1.98

TEST
CONDITIONS REYNOLDS NOJFT £ 104 1.83-3.96 - 0.03 1.9 - 3.43 5.0

P RANGE 00 0 - 45o 00 00 0

A FORESODY N 3 B 1  N 1 B i  B1  N 4 B3 N3 B1F I
T CONTOUR A 1  A 4  A4  A 2  A A

:R

0 FINENESS RATIO 1.0, 2.0 3.0 - 0.25 - 2.0

D MAXIMUM DIAMETER 5 cm 3.75 in .167 in -

MAX. BOATTAIL ANGLE l00 - 00 __25*

NUMBER 1 0.1 NONE NONE NONE

TEMPERATURE -

J
E PRESSURE RATIO 0-15, 40 -

CONFIGURATION T
DIAMETER RATIO .60 - -

NOZZLE GEOMETRY N2 N3 - N 7 , N 5

NUMBER NONE 0, 4 NONE NONE NONE

F THICKNESS RATIO

N SWEEPBACK ANGLE

TRAILING EDGE POS. -

D DIAMETER RATIO .647 1.0 0.32 1.0A

ES AREA RATIO .64 0.1

CHARACTER T - L T
BOUNDARY
LAYER R4 8 tO .3 - .65
PARAMETERS Rft l 0 2.7-5.85 5 - 900

TYPE Of THEORETICAL NO NO YES NO YES

INVESTIGATION E XPERIMENTAL YES YES YES YES YES

MOUNTING TECHNIQUE M 1 M2  M1 CANTILEVER M1 M2

MEASUREMENTS BOATTAIL PRESS. DISTR. SPT - SPT

FORCE -YES

OUTPUT FORMAT G,T C T, G, G TE, G, EC

L M 2.01-3.27 T C 4.02 0.2 1.98

I Rd T C T C T C T C

RESULTS 1 00 0 - 45 0. 0o 0

S
OTHER - -

AIRCRAFT v V V

PRINCIPAL MISSILES v V V V
APPUCATION PROJECTILES v V

NACELLES

'1."
4I .
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I

REPORTS SURVfEYED

6 7 8 9 10

MACH NUMBER RANGE 0 - 6.0 2 2.99 1.2 - 3.0 .62 - 2.41

TEST

CONDITIONS REYNOLDS NO/FT I i - 5 3 1.9 - 4.41 1.5 - 15

a RANGE 0 - 120 0. 0 0 00

A FORESODY B 1  N1 B 1  B 1  N1 B3
F
T CONTOUR A 1 A 5  A1 A 4  All A 4  A 5
E A.
R
* FINENESS RATIO 0.2 - 2.0 0.5, 1 2 0.82 - 1.24 8
0 ______

O MAXIMUM DIAMETER 2 in 1.0 in

MAX. BOATTAIL ANGLE 160 0,30,(>,90 00 1 t°0_

NUMBER 1 1 1 1 NONE

TEMPERATURE - OLD(70'F) COLD(7
0
oF)_

E PRESSURE RATIO 0 - 3.2 LOW LOW 0 - 2.3
CONFIGURATION T

DIAMETER RATIO 0.4 - 1.0 0.4 0.4 .2 - 0.8

NOZZLE GEOMETRY N 4 , N8 , N3  N4  N7 + POROUS

NUMBER 4 NONE NONE NONE NONE
P THICKNESS RATIO-

N
S SWEPBACK ANGLE 0.o

TRAILING EDGE POS. ALL__ _ _ _ _

DIAMETER RATIO 0 - 1.0 1.0--0.685 1.0 0.336 1.0

E AREA RATIO 0.16 - 1.0 0.84 - 0.84

CHARACTER T T T T
BOUNDARY 0.125 -

LAYER Rd___ 1.25

PARAMETERS Rd r 0.81 0.25 1.25
PA AMTR L  1 O

"  
3.4 - 4.2 1.75 -- 1.0 - I0.0

TYPE OF THEORETICAL YES NO NO YES NO

INVESTIGATION EXPERIMENTAL YES YES YES YES YES

MOUNTING TECHNIQUE M 5  M 2  M 1

MEASUREMENTS SOATTAIL PRESS. DISTR. S P T - SET S P T

FORCE -YES YES YES

OUTPUT FORMAT G
EC G

L T C T C -- 0 T C

MI RdI  T C 0.83 x 106 0.25 x 106 T C

RESULTS

OTHER 12.5% BLEED 3.5% BLEED -

AIRCRAFT - 11

PRINCIPAL MISSILES v v

APPLICATION PROJECTILES

NACELLES
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REPORTS SURVEYED

11 12 13 14 15

MACH NUMBER RANGE 4.3 0.5 - 15 0.9 - 1.2 0.6 - 0.9 0.6 - 0.97!STEST -
TES D.90 - 2. 1.35 - 4.12 -

CONDITIONS REYNMODS NOJFT -10 .56 - -

a RANGE .0. 0. 0 13 2.4* - 94o

A FOREBODY N3  N 3 (BLUNT) N, B3  B2 W I 82 W

T CONTOUR FLAT - A 4  A6  A 5
* E

S FINENESS RATIO 0.245 - - 0.950
0
o MAXIMUM DIAMETER 0.737 in - 2.5 in - 25 in

MAX. SOATTAIL ANGLE -7- - 00 24-

NUMBER NONE NONE 1 2 1

TEMPERATURE - - COLD NOT -

E PRESSURE RATIO - - .8 1.0 3.2 - 3.9
CONFIGURATION T

DIAMETER RATIO - - N 1  0.50 0.535

NOZZLE GEOMETRY - - NO'E N3  N7

NUMBER NONE NONE 1 NONE

F THICKNESS RATIO - - -

N
S SWEEPSACK ANGLE

TRAILING EDGE POS. - - - FLUSH

D DIAMETER RATIO 1.0 1.0 0.50 0.535
A
S AREA RATIO 1.0 1.0 .335 =0 0

rHAPACTER T T T T, SEPARA-

BOUNDARY T___,

LAYER Rd X 106 0. C,55- -
PARAMETERS 

-  
0.223-

O 0.639 20 - 170 - 16-70

TYPE OF THEORETICAL NO NO NO NO NO

INVESTIGATION EXPERIMENTAL YES YES YES YES YES

MOUNTING TECHNIQUE M4  M3 M 2  3 513
MEASUREMENTS SOATTAIL PRESS. DISTR. FITT +SP TTRAS T GAGE S P T

", T " WTRFRANSDUCER

FORCE NO NO NO NO NO

OUTPUT FORMAT G G G G G

M T C 0.5- 15 T C T C T C
I Rd T C T C TC TC TC

RESULTS M 0_ -2-+2T___

IT a_ 0 C
S

OTmER - -

AIRCRAFT

PRINCIPAL MISSILES

APPLICATION PROJECTILES

NACELLES
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REPORTS SURVEYED

16 17 18 19 20

MACH NUMBER RANGE 0.6, 0.9 0.6 - 0.9 1.25 - 4.0 0.3 - 1.3 0.6 - 1.2

TEST R S
CONDITIONS REYNOLDS NOJFT i I0 7.01 - 21.64 - - 1.3 - 3.6 3.1 - 4.1

( RANGE 4.6a -9.1 0 - 15o 0. 00 00

A FOREBOY B3 B 2 W I N 1 N B1 N 3 B1  N 1 03
F
T CONTOUR A 1 A2  A6  A 2  N 1  A 1 A2+A 1
E
R
B FINENESS RATIO 1.3 - 1.0 - 1.5 1.0 - 1.5
0
D MAXIMUM DIAMETER 63.5 cm 15.24 cm 6 in
Y

MAX. BOATTAIL ANGLE 240 240 12.4' 100 100 - 20'

NUMBER 2 2 NONE NONE

TEMPERATURE - HOT - - 300-1013K
J

E PRESSURE RATIO

CONFIGURATION T 2.7 - 4_.2 1.0 ____1.0 - 16.0

DIAMETER RATIO 0.494 0.50 - - 0.5

NOZZLE GEOMETRY N 7  N3  - - N 2

NUMBER NONE I NONE NONE NONE

F THICKNESS RATIO -I

N
S SWEEPBACK ANGLE

TRAILING EDGE POS. FTUSII - -

B DIAMETER RATIO 0.494 0.50 0 - 1.0 0 - 1.0 0.51
A

S AREA RATIO '.24 0 0 - 1.0 0 - 1.0 0.01

CHARACTER T T L/T T T

BOUNDARY

LAYER Rd x 1' 4 1 .- 45.08 - 0.2- 4 0.9 - 1.8 -

PARAMETERS R L x IO )1.1-2. 1 3.5-65.0 0.2- 20.0 8 - 16 -

TYPE OF THEORETICAL NO N) NO NO NO 1
INVESTIGATION EXPERIMENTAL YES YES y F YES YES

MOUNTING TECHNIQUE M2 M I m1  M 3  M 2  M_2_

MEASUREMENTS BOATTAIL PRESS DISTR S P T N)O S P T S P T

FORCE - No NO

OUTPUT FORMAT C (, 1 G

L1. TI C T C T C T C
I Rd T T C T C T C T C

RESULTS M d
T 1i.l 1T C0

°
0 0.

OTHER -

AIRCRAFT

PRINCIPAL MISSILES ___

APPLICATION PROJECTILES

NACELLES 3
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REPOrrS SURVEYED

2. 22 23 24 2,

MACH NUMBER RANGE 0.6 - 0.1 - 1.1 1.83, 2.2 0.1 - I [., - 2.87
TEST
CONDITIONS REYNOLDS NOJFT xI( 3.0 - 4.1 0.08 - 0.16 1.7 - 4.5 - 2.00

a RANGE 0, o 0o 

A F O R E B OD Y N TO N 0 N_ j 11_ N 1 I
, F

T CONTOUR A(, A I A., A I A 2 A; A, A1

R
8 FINENESS RATIO I. I . 0.2 - 1.0 0.6 1.0
0

D MAXIMUM DIAMETER I,n 1r.24 cm In 2. InY

MAX. BOATTAIL ANGLE [00, 20 200 i..2 7 "I

NUMBER I 1 1

TEMPERATURE 40" - 1 150'1' 270'- ;00'K 2700-100*K 71l0-250° ,

E PRESSURE RATIO [.0 - II I - 1 2.94 -3 2.6 8- -

CONFIGURATION T
DIAMETER RATIO fl. 0. 1 - 1.0 - 0.4 - 80.9 4

NOZZLE GEOMETRY N 14 N4  N 1  NN 7 8

NUMBER NI'NI: NONI. N)Nl NONE

F THICKNESS RATIO

IS SWEEPBACK ANGLE

TRAILING EDGE POS.

3 DIAMETER RATIO I.51 0.1 - 1.1) 0.482 - .4 .,
A

S AREA RATIO 0. 001) 1. - I 0.011 1) .l9E "_"

CHARACTER I T T T

BOUNDARY

LAYER Rd R I6 1.5 - 2.2 1.2 - 2.7 [.55- 2.07 0.4146

PAR AMETERS RL 9 Id
- 0 I - 2.1 4 - 16 - '.1 - 1', 4.11

TYPE OF THEORETICAL N" NO NO N', N"

INVESTIGATION EXPERIMENTAL YI, Y ES,; YES YES YES

MOUNTING TECHNIQUE M2 M., M, N2  1  ? _ _

MEASUREMENTS BOATTAIL PRESS DISTR. No S P T S P T .S P T S IT

FORCE YES I, NONE NONF NONE"

OUTPUT FORMAT E, FiC C ..

M 0.6 - 1.2 T C T C C T C

SRd I . - 2.2 T C" T C T C T C

RESULTS M
I0 0' 0. 0. 00

S I

OTHER - - _

AIRCRAFT

PRINCIPAL MISSILES

APPLICATION PROJECTILES

NACELLES

. ,25
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REPORTS SURVEYED

30%2/h . H 29 1(1

MACH NUMBER RANGE 1. - .21 10., - 1.4 O.8 0.4 - 1.25 I.O

TEST
CONDITIONS REYNOLDS NOJFTxIO 1.- -. i. ',.[ - ,.3.4 - I-I -

a RANGE 0" 7) (7' 40 - 12" 0
°

A FOREBODY B1 I 1  \ } N 3113 NI
F
T CONTOUR A I  A I A 4  AR

R
a FINENESS RATIO .. '' - .4 , .1., - 1. .!

y MAXIMUM DIAMETER In i i i I, -

MAX BOATTAIL ANGLE 4'" , ,' -12'

NUMBER F "i- N')NI 1

TEMPERATURE I" , , - - COLD

E PRESSURE RATIO I - - OWi - - ,W

COP4FIuRAT ION T _____________________

DIAMETER RATIO . , .1 .i- -

NOZZLE GEOMETRY " -;4B IlFED

NUMBER I -1Ii: . NONE

F
THICKNESS RATIO -

S SWEEPBACK ANGLE I - 0 -

TRAILING EDGE POS. -,',USI -

a DIAMETER RATIO 1 .0 0.410 1.0

S AREA RATIO 7 '1 0.7 1.0 1.0

CHARACTER - - T
BOUNDARY
LAYER R d  i1 ) I8 0.42' - ). V 0.7, - 6.25 - 0.11
PARAMETERS R . X I0

"1  
. 4 1. 4 ] 1 - 125 - 0. 17

TYPE OF THEORETICAL NO NO NO NO

INVESTIGATION E XPERIMENTAL Yl2/ YESI YES YES YES

.MOUNTING TECHNIQUE M, M
5  Ml m Im 

5

MEASUREMENTS BOATTAIL PRESS DISTR, P T ,'1 T S PT T1C TUBE

FORCE YS NoN O N

|OUTPUT FORMAT G,; ; ,T T G

tM 0.6, 1.28 T ( 0.8 0,4 -1.25 T C

Rd T C T C T C
RESULTS M

T /)' 7 
°  

0 40 - 120 0 .

OTHER

AIRCRAFT

PRINCIPAL MISSILES

APPLICATION PROJECTILES

NACELLES

I2
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REPORTS SURVEYED

31 32 33 34 35

MACH NUMBER RANGE 2.0 D.86 - 1.46 0.6 - 1.2 0.9 - 2.5 0.6 - 1.4
TEST -

CONDITIONS REYNOLDS NOJFT i iia 3.0 6.0

a RANGE 0
°  

00 0 -5° - *5° 0
°

A FOREBODY B1  - N B2 W I N B} N 1 RI
F 1 3_2

T CONTOUR A - A A A A

R . .

S FINENESS RATIO
0

O MAXIMUM DIAMETER I in - 4 in -24.,
Y ____________ __________

MAX. BOATTAIL ANGLE 0
o  

- o 100

NUMBER NONE 1 2 NONE NONE

TEMPERATURE - OLD - 600*C 950*F

E PRESSURE RATIO 1.68 2.01 1.0 - 10.0
CONFIGURATION T

DIAMETER RATIO -

NOZZLE GEOMETRY - 2 -D N-

NUMBER NONE NONE 3 4 NONE

F THICKNESS RATIO -11

N
S SWEEPBACK ANGLE - -

TRAILING EDGE POS. - FORWARD FLUSH

S DIAMETER RATIO 1. 1.0
A

E AREA RATIO l.o 1.I0S

CHARACTER_ ___

BOUNDARY

LAYER Rd  1.-

PARAMETERS RL 0 k.0 1-00

TYPE OF THEORETICAL ,O NO NO NO

INVESTIGATION E XPERIMENTAL YES YES yES YES

MOUNTING TECHNIQUE mS (.'1) WALL. m I 1 m1 'I 3 M

MEASUREMENTS BOATTAIL PRESS DISTR, 1o PITOT TURE cl'R%'EY RAKE BASF E. S P T

FORCE , { . Pr. ) NO Y;,:; K)

~OUTPUT FORMAT P; C G, C, (.

' M ( T C" T C T C 0.b 1.4

L
I Rd 321(6 T TCTC TC

RESULTS

IT 0.0.

S
OTHER S T I N I NT,. -

~AIRCRAFT

PRINCIPAL MISSILES

APPLICATION PROJECTILES

I NACELLES'
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__EPORTS SURVEYED

16 37 38 39 40

LOW

TESTMACH NUMBER RANGE . - 2 s.0 SURBONIC 0.9 - 2.0 1.1 - 1.9

CONDITIONS REYNOLDS NO/FT il1 t A - 0.', f.334 1.4 4.6 - 3.8 -

a RANGE " 1' -2 ° - 6. 0. 0.

A FOREBODY N1 I I  N I HI N1 B 2 W RI N 3 BIF

T CONTOUR A, 4 A,, A7 A4E _______ __ __ ____ _ __ _ ____ ____

R
B FINENESS RATIO ,.12. .0 - 4
O

o MAXIMUM DIAMETER . . 7.66 n -
Y

MAX BOATTAIL ANGLE 21'
° 

6'1 -

NUMBER . N''4S 1 NONE

TEMPERATURE - - J71'p -

E PRESSURE RATIO ' 1- 101 -

CONFIGURATION T
DIAMETER RATIO 0. 11- 13 -

NOZZLE GEOMETRY " ; N4  "

NUMBER F.... NOE NN

F THICKNESS RATIO

__ _ __ __ _ _IN
S SWEEPSACK ANGLE- -

TRAILING EDGE POS -""

a DIAMETER RATIO 0
A ____

S AREA RATIO

CHARACTER r T

BOUNDARY

LAYER R, i. 1 '. 1. - -

PARAMETERS R.. I. - 4.8 -9.2

TYPE OF THEORETICAL ' N Y-S . NO
INVESTIGATION EXPERIMENTAL ' . Y Y Y ES 'E

MOUNTING TECHNIQUE " m M

MEASUREMENTS BOATTAIL PRESS DISTR '- I'IlT. S P T "CO ".0

FORCE N' NO '

OUTPUT FORMAT ,, T F

M I.OW11 T( 0.9 -2.o~ 1.2-2.
I Rd T_____ I,_ __ '_ _- T C

RESULTS I

T T 0

OTHER - A1;(C !'R.

AIRCRAFT

PRINCIPAL MISSILES

APPLICATION PROJECTILES

NACELLES

28
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I

REPORIS SURVEYED

41 42 43 44 45

MACH NUMBER RANGE .07 - 3.2 0.8 - 2.5 0.55 - 2.2 0.5 - 8,0 0.9 - 3.3

TEST
CONDITIONS REYNOLDS NOJFT x I0 - 40 - 1000 2.0 - ,.7 ').()1 -14 1.2 - 18.3

a RANGE -v - .iol -6, _ , -10 - +1
0
o 0 - 10, 0

A FOREBODY N 3 1  N, [I N1 B BW N1 N 1B N1 B3
F I _ 12__3_11_

T CONTOUR A4  A4  A4 Al A 4  A1

R
B FINENESS RATIO 01 ',.1 -

D MAXIMUM DIAMETER ;.00 -, 4 n .41, in 12 in
Y

MAX. BOAYTAIL ANGLE 0 0" 0
o  

-

NUMBER 'I: NONE 1

TEMPERATURE - 1OT

E PRESSURE RATIO - -
CONFIGURATION T

DIAMETER RATIO - 0.'20

NOZZLE GEOMETRY N, N 4 - N 4 N

NUMBER ' , 4 .; 4
FI THICKNESS RATIO .1 '.I n. - 1) .l
N'
S SWEEPSACK ANGLE ",

TRAILING EDGE POS. A!,! HAh 'L':H

B DIAMETER RATIO - .,

AREA RATIO I o oq

CHARACTER ,. T
BOUNDARY
LAYER Rd a IC710,- ' - 17 .'
PARAMETERS

a 10 -4 2 211)

TYPE OF THEORETICAL 
L  

. N'
INVESTIGATION EXPERIMENTAL ' .3.; Y'

MOUNTING TECHNIQUE' ' ' '1

MEASUREMENTS BOATTAIL PRESS DISTR ' , S'iP.ONOP I '0'F'

FORCE NI T A ' '9. NO
3

OUTPUT FORMAT

M T ." ' " , T C~L

RESULTS M

T -1 - ) 0 -
S

OTHER

AIRCRAFT
PRINCIPAL MISSILES

APPLICATION PROJECTILES

NACELLES

29



I
REPORTS SURVEYLI1

.AC B RN 4 47 4H 49

MACH NUMBER RANGE I (.8 - 1.4 . - 1 . 1 0. 2 - 1.1 .H - I.

TEST

CONDITIONS REYNOLDS NOJFT x 160 1., - H. 2.69

a RANGE 0' II' 1), 
1

I0

A FORESODY Ni Il A N I B N I li3 W B 1 I1 1
F
T CONTOUR A I A, A A 7  A4  A2 A6
E
R
8 FINENESS RATIO o - 4., 1.6 - 9.1 -0 0.5 - 3.33

D MAXIMUM DIAMETER 0.7', in 7.9 in 0.7', n IA. . r,Y

MAX. SOATTAIL ANGLE 12" r0
°  

17.1*

NUMBER N'1\I 1 4 N')N(1 NONE

TEMPERATURE -inr 1800 -

E PRESSURE RATIO - - 110 -

CONFIGURATION T
DIAMETER RATIO 0.4 37

NOZZLE GEOMETRY N 4 N 6 N4.

NUMBER I ON NONE

F THICKNESS RATIO 0.0278

N
S SWEEPBACK ANGLE 45 -

TRAILING EDGE POS. - FOR4ARD FLUSf -

B DIAMETER RATIO 0.708 0.437 1.0 1 - 0.94
A

S AREA RATIO 0.101 0 - 1.0 0 - 0.38

CHARACTER - T T T
BOUNDARY -

LAYER Rd 60- 0.77 3.31-5.11 - 0.34

PARAMETERS RL I0" 5.36 20 - 130 33.7-67.1 - 1.1

TYPE OF THEORETICAL YE.1S NO NO YES NO

INVESTIGATION EXPERIMENTAL YES YES YES YES YES

MOUNTING TECHNIQUE ,m m M M M 5

MEASUREMENTS BOATTAIL PRESS. DISTR. TFEORY r 1 T S P T S P T S P T

FORCE NO No NO NO Yl7 -

OUTPUT FORMAT r', '1I, EC C (7 ,, TE G

M T C T C T C T C T C

M Rd C T C T C T C T C
RESULTS M

T a 0 0 T C 0 0
s

OTHER - - - -

AIRCRAFT

PRINCIPAL MISSILES

APPLICATION PROJECTILES

NACELLES

30
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I

UPOI S SURVEYED

51 52 53 54 55

MACH NUMBER RANGE 1.50 - 5.0 0.6 - 1.4 1.92 1.0 - 6.9 1.62-2.41
TEST

CONDITIONS REYNOLDS NO.FT i HI6 2.13 - 9.7 4.8 33 3 - 15 1.2 - 12

(I RANGE 0. 0
°  

.50 0. - 90 00

A FORESODY N3 B 1  N1 BI  N I B3 N1 BI N 1 N2 N 3F

T CONTOUR A 1 A 2  A 4  A 6  AI A 4  A 1 A4
R
B FINENESS RATIO 0 - 1.0 - - 2.0 - 5.0 0
0
o MAXIMUM DIAMETER 5 cm 2.5 in 0.9 in - 0.9 in
Y _

MAX. SOATTAIL ANGLE 15* - - 150 400

NUMBER NONE NONE I NONE %ONE

TEMPERATURE - COLD - -
J
E PRESSURE RATIO - - 3.6 - -

CONFIGURATION T
DIAMETER RATIO - 0.677 - -

NOZZLE GEOMETRY - N4  - -

NUMBER N NE NONE ;!E 0 and 4 4

FI THICKNESS RATIO 0.1 0.08
N
S SWEEPSACK ANGLE 1 0. 45'

TRAILING EDGE POS. - LUSH FORWARD

B DIAMETER RATIO .I 1 .) 0.575, 1.0 0.677 0 - 1.0 0 - 1.0
A
E AREA RATIO .232 - . (0.3 3, 1.0 0.459 0 - 1.0 0 - 1.0

CHARACTER L T I, 'T - T L/T
BOUNDARY

LAYER Rd .0 - 1.6 0.46 2.5 0.09- 7.
PARAMETERS RL x I1 3.- 16 8.0 21 3- 12 1 - 10

TYPE OF THEORETICAL YES NO YES YES NO

INVESTIGATION EXPERIMENTAL YES YES YES YES YES

MOUNTING TECHNIQUE M M1  M1  1 PINS

MEASUREMENTS SOATTAIL PRESS. OISTR. ? S P T S P T YES S P T

FORCE NO E' .0 YES NO NO

OUTPUT FORMAT C TE C G, TE G, EC G

M T C 0.6 - 1.4 T C T C T C

R M, Rd T C T C T C T C T CRESULTS M

I a 0. 00 T C T C 00T
Sj OTHER -

AIRCRAFT

PRINCIPAL MISSILES ,'

APPLICATION PROJECTILES

NACELLES

131
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REFORTS SURVEYED

56 57 58 59 60

MACH NUMBER RANGE 0 - 2 0.9 0.14 - 0.30 3.88 0.8

TEST

CONDITIONS REYNOLDS NOJFT x 10 0.57 - 3.12 1.56 4.1

a RANGE 0 0 0 0

A FOREBODY N2  N1  B I  BI' F
F . FMOUTE
T CONTOUR - A A 6  A 2  A 6
E 2_ 1 CYLINDERS

O FINENESS RATIO - VAR. - - 0.30 0.3
0
o MAXIMUM DIAMETER - 2.45 in 76.2 mm 5 in

MAX. BOATTAIL ANGLE - 24* 00

NUMBER NONE I NONE NONE 1, 2

TEMPERATURE - -OLD- 12000 - - COLD
___, F

E PRESSURE RATIO - I - 6.5 - - 3
CONFIGURATION T

DIAMETER RATIO -- - - 0.32 - 0.49

NOZZLE GEOMETRY - - - N 3

NUMBER NONE N"IE NONE ONE ZONE

FLI THICKNESS RATIO
N

S SWEEPSACK ANGLE -

TRAILING EDGE POS. - - -

S DIAMETER RATIO 1 .558 0.25- 0.85 0.816 - 0.32 - 0.49AA _____________ ____________ _____

S AREA RATIO 2.43 0.667 - 0 - 0.176

CHARACTER T - T
BOUNDARY I ---
LAYER Ad ACE 0.06 -0. 32 - 0.389 1.7

PARAMETERS A 6

I 0 0.27 -1.48 1.0 - -

TYPE OF THEORETICAL NO NO NO NO NO

INVESTIGATION EXPERIMENTAL YES YES YES YES YES

MOUNTING TECHNIOUE M 1 m1  m5 m I

MEASUREMENTS BOATTAIL PRESS. OISTR. j l S P T S P T S P T

FORCE YES NO NO Y'S

OUTPUT FORMAT G, T n. EC (7G G

M 0 -2 0.6 - 0.9 0 - 1.0 T C T C

Ad T C ANY T C T C T C
RESULTS RI

T 0 0 0 0
S

OTHER - - -

AIRCRAFT

PRINCIPAL MISSILES
APPLICATION PROJECTILES

NACELLES
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NEPORTS SURVEYED

61 62 63 64 65

MACH NUMBER RANGE - 1 0 - 5 SUBS/SUPS. 1.5 - 3.25

TEST

CONDITIONS REYNOLDS NOIFT I 10 - - - - -

SGRANGE 0 0 0 - 0

A FOREBODY N N3 BI  - B1  - N2 BF

T CONTOUR ' A - - A4E '1 6 4________

R
0 FINENESS RATIO - -
D MAXIMUM DIAMETER - - --

Y

MAX. BOATTAIL ANGLE 3.2o 9.50 0.

NUMBER . 1 1 - NONE

TEMPERATURE - - -

E PRESSURE RATIO I - 140 1 - 144
CONFIGURATION T _

DIAMETER RATIO - 0 - 1.0 -

NOZZLE GEOMETRY - - -

NUMBER N NE NONE NONE NONE

F _TI
THICKNESS RATIO~S SWEEPBACK ANGLE---

TRAILING EDGE POS. -

S DIAMETER RATIO 0 ~ 1.0 1.0

S AREA RATIO -E .__________________________________

CHARACTER -T - L/T T
BOUNDARY

LAYER Rd 1 I6 - - - -1.5

PARAMETERS R 1-6

TYPE OF THEORETICAL YES YES YES YES YES
INVESTIGATION EXPERIMENTAL NO YES NO YES YES

MOUNTING TECHNIQUE - " m 2 M 3  M 1

MEASUREMENTS BOATTAIL PRESS. DISTR. - YES TOTAL PRES

FORCE - YES NO

OUTPUT FORMAT 1;, TI: C, EC, r, C(, TE
M 1.0 1 T C T C T C

L
I TC TC

RESULTS M
T oI 0 (o° 

0  
0 - 8

°  
0
°

S
OTHER -

AIRCRAFT

PRINCIPAL MISSILES

APPLICATION PROJECTILES

NACELLES
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REPORTS SURVLYF.D

TEST MACH NUMBER RANGE J
TEST-

CONDITIONS REYNOLDS NOJFT x 104

a RANGE

A FORESODY
F 4 ~ -

T CONTOURA
E _________________ _______________________
R
a FINENESS RATIO0
0
0 MAXIMUM DIAMETER4.
Y _____________ ______ ______ ______

MAX BOATTAIL ANGLE2

NUMBER ; F,;

TEMPERATURE

E PRESSURE RATIO 4 -

CONFIGURATION T ____________ ______ _____ ____ _______

DIAMETER RATIO-----

NUMBER lv NNj3NE

TRAILING EDGE POS.-----

0 DIAMETER RATIO- ----

A _____________________

S AREA RATIO
________ E -

CHARACTER -

-BOUNDARY Rd 1-- -. .

LAYER Rd-1 2 - 21.3
PARAMETERS RLI 1O - 36 - 149 .3

TYE FTHEORETICAL N 0 i

INVESTIGATION EXPERIMENTALYEYS

MOUNTING TECHNIOUE VN

MEASUREMENTS SOATTAIL PRESS DISTR. 3F3 7 N:'

FORCE Yro

OUTPUT FORMAT

I Rd 2C C.-.O-

RESULTS Mx

OTHER -- ~ A.*~F

AIRCRAFT

PRINCIPAL MISSILES
APPLICATION PROJECTILES

NACELLES

34



REPORTS SURVEYED

71 72 73 74 75

MACH NUMBER RANGE 0 - 4 0.2- 0.8 0.6 - 2.7 0.7 - 1.3 0.25 - 0.7

TEST

CONDITIONS REYNOLDS NO/FT a p 2.65 - 5.01 1.5 - 5.4 0.6 - 10 - 3.3 - 15

a RANGE -12' - 180 -10' - 20' 00 - 10- 0o 00

A FOREBODY N1  N 2  B1 N 1 B2 N2 N3 B1F
T CONTOUR A I A4 A A A A A2  A A1 A2 A3
E 4 A 2  1  A7
R
S FINENESS RATIO 1.0 2.06 1 2.4 - 2.6
0
o MAXIMUM DIAMETER 2.25, 4.25 7 in - 7" x 4.6" 2 in

MAX. SOATTAIL ANGLE 70 16.9' 240 100, 150, 160

NUMBER NONE 1 2 1 and 2 NONE

TEMPERATURE - COLD - COLD -

E PRESSURE RATIO - ~ 1.1 - 1.0 - 7.0 -
CONFIGURATION T

DIAMETER RATIO - .- 0. 260.36 -

NOZZLE GEOMETRY - N 3 N 5  N 3  -

NUMBER NONE 3 4 2 NONE NONE

F
I THICKNESS RATIO - -

N
S SWEEPBACK ANGLE 20.083' 

o

TRAILING EDGE POS. -

S DIAMETER RATIO F.7 1 3143 0.5 -1.0
A 0 .6029 !0.5 ~ 1.0

S AREA RATIO 04 - D.25 -1.0E n ".363 0.096

CHARACTER - T -
BOUNDARY

LAYER Rd X 10 ,.9 - 3.1 0.55 - 2.5
PAR AMETERS R L x IO q- .2 t -

TYPE OF THEORETICAL NO Nn NO NO "O

INVESTIGATION EXPERIMENTAL "S F YES YES YS YES

MOUNTING TECHNIQUE ', N 2  N 1 M2  N2  M1 1

MEASUREMENTS BOATTAIL PRESS DISTR. S I T NO Yi S S l' T

FORCE NT 'S N, YES N'

OUTPUT FORMAT Gl C 0, T (G TE, ,

L T C T C T C T C T C

RESULTS I Rd T C T C T C - T C

T -10
r 

1 ,3 10 - 20' 0
o  

10, 00 00

S OTHER -

AIRCRAFT

PRINCIPAL MISSILES ,___

APPLICATION PROJECTILES

_______ NACELLES __
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RPORTS SURVEYED

76 77 78 79 80

MACH NUMBER RANGE 0 - 1 0.1 - 1. 2.f) 0,', - 0.9 2.73-4.98
TEST , 2.26- 10.56

CONDITIONS REYNOLDS NOJFT X1O o - 1 - .78
CONDTIOS1.2 -1.7

( RANGE 0 o1 0 0

A FOREBODY N I AI w - 1i N 2 BI, B1  N 1 BI N 2F

T CONTOUR A A4 A,, A A A A 4  A 5 A4E 1 4 45 44
R
B FINENESS RATIO - 0- 0
0
D MAXIMUM DIAMETER 5.4 - 12 in - 3.9 in 2, 1.4 1.5 in
Y

MAX. BOATTAIL ANGLE 0'' 11. 71 14.5' 0

NUMBER 1 1 1 2, 1 NONE

TEMPERATURE IWT I 50)C 85"F

E PRESSURE RATIO - ..0 1 - 8
CONFIGURATION T

DIAMETER RATIO 0. 1 - 2.14 '.)7 0.38

NOZZLE GEOMETRY 4 - 7 N I '7 N7  -

NUMBER .', I, - YY7 " 2 W, 0 ";("NE

F THICKNESS RATIO .1 - - '2.0

N
S SWEEPBACK ANGLE 1 -

TRAILING EDGE POS I 2 t[, '2 - 2.1 F'W)

B DIAMETER RATIO .. 0 - - : "' 1.0 1.'
A

_ AREA RATIO 0.7-, 0.86 1.

, CHARACTER h "T 1. T

BOUNDARY
LAYER R ACE -- _ 

-
_ .2 -T 42 19-0.89

PARAMETERS RL IOS

TYPE OF THEORETICAL % Y: I No

INVESTIGATION EXPERIMENTAL ,s) ':1 72' 1120

MOUNTING TECHNIQUE ", ', '

MEASUREMENTS BOATTAIL PRESS DISTR - . *'"<'

FORCE "' - ' NO

OUTPUT FORMAT
M ,

L.
L MI Rd 7 ": . - , 4 T ,

RESULTS M R

T
S

OTHER - B IASI" 211A

AIRCRAFT

PRINCIPAL MISSILES
APPLICATION PROJECTILES

NACELLES

36
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I
REPORTS SURVEYED

S81 82 83 84 85

iMACH NUMBER RANGE 1. 4 - 1.3] 0.4 - 1.3 0.6 - 0.9, 0.6 - 019 0.6 - 0.9
i TEST

CONDITIONS REYNOLDS NOJFT _ 10 2.4 - 4.4 3 - 4.3 4 - 99 -

a RANGE -4
° 
- 8

°  
0
°  

0
°  

00

A FOREBODY N N3 N2  N3 BI  N3 B3 1 N3 B3F
T CONTOUR A2 AR2 AE2 A 5  A 2 A2+A0 A-5 A12 A.2J+AI A 5E5
R0.-1.70 8 1.77 0.8-1.7a FINENESS RATIO 1.0 - 2. 0 0. 8 - 1.77 08- 1.7 . - 17

D MAXIMUM DIAMETER 15.24 cm 15.24 cm 1 in 1 in 1 inY

MAX. BOATTAIL ANGLE 22.070 34.0370 250 -

NUMBER 1 1 NONE

TEMPERATURE_-
J
E PRESSURE RATIO 1 - 6 1 - 16 SIMUL - SIMUL.CONIFIGURATION T

DIAMETER RATIO 0.6 - 0.7 0.50 0.5, 0.544 0.5 -0.55

NOZZLE GEOMETRY N 
2 N7  N 

3

NUMBER NONE NONE Nr)NE NrONE NONE

F
I THICKNESS RATIO
N
S SWEEPBACK ANGLE

TRAILING EDGE POS.

DIAMETER RATIO 0.61 - 0.71 0.51 0.5, 0.544 0.5 - 0.544 0.5 - 0.544A

SE AREA RATIO 0.36 - 0.49 0.25 0 0 ,

CHARACTER T T T T TBOUNDARY

LAYER Rd z IO .2 - 2.1 1. -2.14 0.3 - 8.2 -

PARAMETERS RL a Ir
-
9 9.6 - 17.5 12 - 17 2.5 - 132 2.5 - 67 2.5 - 130

TYPE OF THEORETICAL NO No .O NO YES

INVESTIGATION EXPERIMENTAL YES YES Y7S YES YES

MOUNTING TECHNIQUE ml M2 1 2 m I  I

MEASUREMENTS SOATTAIL PRESS. DISTR. S P T S P T S P T S P T S P T

FORCE YES YES y7s NO NO

OUTPUT FORMAT CG G G

M T C T C 0.6 - 0.9 T C T C

Rd T C T C 0.3 - 8.2 T C T C
RESULTS M,

T a T c 0. 000 0

S
OTHER -- - -

AIRCRAFT v

PRINCIPAL MISSILES . .( , $
APPUCATION PROJECTILES

NACELLES 0 v
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REPORTS SURVEYED

86 87 88 89 90

MACH NUMBER RANGE 0.4 - 1.3 0.6 - 2.5 0.7 - 2.2 0.6 - 1.5 0.6 - 1.5

TEST
CONDITIONS REYNOLDS NO./FT 106 2.28-4.25 2.1, 2.

-  
- 1 - 4 1.0 - 3.0

a RANGE 0. -50 - 250 o°  00 0

A FOREBODY N B N, B N, B, N 3 BI

T CONTOUR A, A 1  A 4  A2 A5E 2
R
B FINENESS RATIO 0.8 - 2.0 1.3 0 2 1.83

0
o MAXIMUM DIAMETER 6 in 9.86 in 11.3 in 9.86 in 9.69 in
Y

MAX. BOATTAIL ANGLE 14' l7. - 250

NUMBER 1 1 1 1 1

TEMPERATURE - COLD 701 - 2140OF 530- 2500'1
J

E PRESSURE RATIO - 6 - - 20 2 - 12.7 6 - 12
CONFIGURATION T

DIAMETER RATIO 0.5 - 0.7 1.0 - 0.44

NOZZLE GEOMETRY N4  N4  N 3  N4

NUMBER NONE NONE 'NONE NONE ')NE

• FI THICKNESS RATIO -

N
S SWEEPBACK ANGLE -

TRAILING EDGE POS. -

B DIAMETER RATIO 0.51 - 0." 0.7 - 0.51
A

S AREA RATIO (.01- (.Ol4 0.5 2.05 -2.79 0.049 0.016
E_0.01

CHARACTER T T T - T
BOUNDARY

LAYER Rd I - 1.72 - 2.05 - 0.49- 1.23 0.81- 2.4

PARAMETERS Rj L I'
-
4 1.5 - 2.14 24.0 - 28.9 - 7.66-19. 13 - 38

TYPE OF THEORETICAL NO NO NO YES NO

INVESTIGATION E XPERIMENTAL YES YES YES YES vi

MOUNTING TECHNIQUE m 2  M 2  m 5  M 2  M 2

MEASUREMENTS BOATTAIL PRESS. DISTR. S P T S P T S P T S P T S P T

FORCE NO Y'. NO YES YES

OUTPUT FORMAT , C C G, T G

L M T C T C T C 0.6 - 1.5 0.6 - 1.5

I Rd T C T C T C T C 0.8 - 2.4
RESULTS 

I
T 0 

o  
5 0 - 2 5 ' 0 . 0 . 0 .

S
OTHER

AIRCRAFT .' /

PRINCIPAL MISSILES

APPLICATION PROJECTILES

NACELLES

38
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REPORTS SURVEYED

91 92 93 94 95

MACH NUMBER RANGE 0.7-0.86 0.4 - 2.5 2.09-4.37 0.5 - 1.2 0.9 - 1.2

TEST
CONDITIONS REYNOLDS NO/FT x 1O - 2.6 - 13.5 12.9 - 17.2 2.4 2.07 - 2.22

G RANGE 00 - 6- 00 0. 00 -2-

A FOREBODY s 1  NI B 1  B 1  B1  N 1 B1, F

T CONTOUR- A4  A 1 A2 A 4  A 4 A1 A8, E

B FINENESS RATIO 0 0.22 0 0 - 1.5
0
O MAXIMUM DIAMETER 75 mm 3.36 in 2.75 in 2.5 in
Y

MAX. BOATTAIL ANGLE 00 15.70 0. 9.4670

NUMBER NONE NONE 1 NONE

TEMPERATURE COLD
J
E PRESSURE RATIO 1.2 - 1.6 - 1.0 - 3.5 -

CONFIGURATION T
DIAMETER RATIO - 0.65 -

NOZZLE GEOMETRY - N4  -

NUMBER NO3NEH NONIE NONE NONE NONE

F THICKNESS RATIO
N

N SWEEPBACK ANGLE

TRAILING EDGE POS.

B DIAMETER RATIO I.A 0.917 1.0 0.727 - 1.17
A
E AREA RATIO P .64 - 10 0.84 0.577 0.528 -

________E 1.373

CHARACTER T T

BOUNDARY

LAYER Rd 31 - o. , 
- 2.1 0.55 -

PARAMETERS R I 1 - 2o0

TYPE OF THEORETICAL NO NO NO YES NO

INVESTIGATION EXPERIMENTAL YIS YE YES YES YES

MOUNTING TECHNIQUE m '1 m,. M, m I M2

MEASUREMENTS BOATTAIL PRESS DISTR. NO S T T T S P T

FORCE N, NO NO NO NO

OUTPUT FORMAT 0 0 0, T TE, C,

M 0.7 - 0 .6 T C T C T C T C

I Rd r C T " T C T C T C
RESULTS I

T flN -. 00 00 00 T C

S
OTHER

AIRCRAFT

PRINCIPAL MISSILES

APPLICATION PROJECTILES

NACELLES
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REPORTS SURVEYED

96 97 98 99 100

MACH NUMBER RANGE 2.0 - 3.5 2.5, 3.0 0.6 - 2.2 0.6 - 0.9 0.18

TEST -!
CONDITIONS REYNOLDS NOJFT a 10 6.0 5.52 - 6.12 - 3.68-4.62 1.24

a RANGE 0 0 0 0 -10° - 10°

A FOREBODY N 1 3 NI B1  B2  B1  N 2 B I1
F
T CONTOUR A A 5A 6 A4  A 6  A1  A 2ER
9 FINENESS RATIO 0.818- 1.2 0 0 - 3.0 10, 12
0
D MAXIMUM DIAMETER 2. n 2. ' in- 2 in 6 in
Y

MAX BOATTAIL ANGLE 5° .0 110 - i
NUMBER 1 1 2 1 NONE

TEMPERATURE COLD COLD - COLD -

E PRESSURE RATIO 1-20 3- 16 1.0 - 7.5 -

CONFIGURATION T
DIAMETER RATIO 0.2 0. 2 - 0. 17 -

NOZZLE GEOMETRY N4  N4 N 3 N4  N1  -

NUMBER NONI R l N, N, IN T: NONE

F THICKNESS RATIO - -; I, N
S SWEEPBACK ANGLE iii -

TRAILING EDGE POS. AIl, -

l DIAMETER RATIO . 8- 1 l I. - 0.418 - 1.0 0 - 1.0

S AREA RATIO 0.4 (., - 0 - 0.85 0 - 1.0E

CHARACTER - - TBOUNDARY

LAYER Rd 1 6i.. .1, - .27 - 0.61 - 0.77 0.t,18

PARAMETERS -e
L 0' iA- ( 7.42

TYPE OF THEORETICAL Ni Ni" N(, Nio YES

INVESTIGATION EXPERIMENTAL YIY; YI-r YIN Y I YES

MOUNTING TECHNIQUE 'M N, "m M,

MEASUREMENTS BOATTAIL PRESS DISTR . 2 ' I T p P I T N P T

FORCE Ni NO NO NOi) NO

OUTPUT FORMAT k" 1 . , T

M is
L - I''121 .1

I Rd T C
RESULTS

T 0i 1 i -Il'/ - ll0T a
S

OTHER

AIRCRAFT

PRINCIPAL MISSILES I
APPLICATION PROJECTILES

NACELLES

40
40J



I PORTLS SURVEYED

In 1 1.02 10] 3 1 4 105

MACH NUMBER RANGE 0 - 8.0 1.96 0.56 - 1.0 0.6 - 1.3 .!

TEST

CONDITIONS REYNOLDS NO/FT 9,10 - - 3.6 - 4.6 3.3 - 4.4 1.65- 38.5

a RANGE 0' 0. 0. 8. 0. 0

A FOREBODY N B 9 N3 B1 B1
F SQUR E ArT CONTOUR A! A SUR

E CYLINDER A2 A 4 A6  A1 A2  A4
R
B FINENESS RATIO 1 0.2 - .25 0 - 3.56
0

D MAXIMUM DIAMETER 1.35 in 4 in 1 in 1.4 in

MAX. BOATTAIL ANGLE 12' 0. 15o 45'

NUMBER I 1 1 NONE I

TEMPERATURE '.Cr)).)
J
E PRESSURE RATIO 1).0W

CONFIGURATION T DIAMETER_ RATIO_0.405_DIAMETER RATIO 1*.,7. -.f.1.708 0.405 -

NOZZLE GEOMETRY N4 - POROUS

NUMBER N'N!' , NONE N')NF

I THICKNESS RATIO
N
S SWEEPBACK ANGLE

TRAILING EDGE POS

B DIAMETER RATIO 1- 1.0 .4 - 1,1) 0 - 1.,7 - 0.85 1lA

S AREA RATIO .1-1.1 5.218- 5-1.45 0-0.72 1.0
_ 

0_-_1.45_0 - .72 . .0

CHARACTER , -T L/T
BOUNUARY

LAYER Rd x0 16 0.192 -
4.49

PARAMETERS RI x I6
-  

2 -

TYPE OF THEORETICAL YES NI YES NI. YES
INVESTIGATION EXPERIMENTAL Y 5 YES YES YES YES

MOUNTING TECHNIQUE ON WALL, M2  m 5I

MEASUREMENTS BOATTAIL PRESS. DISTR. 5lI S 11 T S P T S P T ,1-,

FORCE ,l NO" I::; NO NO

OUTPUT FORMAT c (G (, C, TF

M t TC T C T C
L.

I Rd 'C T C T C
RESULTS I

T a0 0l - 8
°  00 00

S
OTHER

AIRCRAFT

PRINCIPAL MISSILES

APPLICATION PROJECTILES

NACELLES
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REPORTS SURVEYED

106 107 108 109 110

MACH NUMBER RANGE 1.5, 2.0 1.5 - 2.41 1.9 - 2.0 0.8 - 1.1 0.77 - 1.2(
TEST

CONDITIONS REYNOLDS NOJFT . I0 4.8 - 51 - - 4 8 - 10

2 RANGE 0 0 0 0 0

A FORESODY N 1 1  - B1 N 13 -

T CONTOUR A 4  1 2 PARAB A 4  A 1 A 4  A 1 A 4E
R
* FINENESS RATIO 0 - 0 0.5 - 1.0 0.5 - 1.0
0
D MAXIMUM DIAMETER 1.25 in - 0.810 in 2 in 2 in
Y

MAX. SOATTAIL ANGLE 00 24.50 PLUG 100 9. 90

NUMBER NONE 1 1 1 1

TEMPERATURE - - HOT ROOM TEMP. ROOM TEMP.

E PRESSURE RATIO - 2 -20 1.2 - 10 - -
CONFIGURATION T

DIAMETER RATIO - 1.136 in 0.40 0.40

NOZZLE GEOMETRY - N 3 N44  INT-EXT. N I NI

__________________EXP. PLUG 11

NUMBER 4 NONE NONE NONE NONE

F THICKNESS RATIO D.05 - 0.1

N
s SWEEPBACK ANGLE 0

TRAILING EDGE POS. FLUSH

S DIAMETER RATIO 1.0 ).55 - 0.83 0.274 0.685- 0.99 0.69- 0.95

S AREA RATIO o 0 0.0754 0.31-0.74 0.31-0.74E 1. .7 4 0 31-0.74 0."

CHARACTER T - TOUNDAR Y,- -- -
LAYER Rd iO 0.5 - 4.5 0.67 1.3 - 1.7
PARAMETERS Rt I6 

4  
0. 3 - 32.8 56

TYPE OF THEORETICAL YES NO YES NO NO

INVESTIGATION EXPERIMENTAL YES YES YES YES YES

MOUNTING TECHNIQUE M 1 M 3  M 5 - M 2

MEASUREMENTS BOATTAIL PRESS. OISTR. S P T S P T S P T S P T S P T
FORCE NO NO NO NONE NONE

OUTPUT FORMAT G, TE EC, G G, TE EC, G G

M T C T C TC T C TCL.

I Rd TC TC TC TC TC

RESULTS I
T a 0 0 0 0 0
S mOTHER - - LOW LOWTH.RUST TRUT; '

AIRCRAFT v

PRINCIPAL MISSILES , ,r

APPUCATION PROJECTILES

NACELLES / /
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REPORTS SURVEYED

1il 112 113 114 115

MACN NUMBER RANGE 0.6 - 1.3 3.88 2.01- 3.27 2.5 - 3.5 2.5 - 3.5
TEST
CONDITIONS REYNOLDS NOJFT x 1 4.14 15.6 - 6.0 6.0

GI RANGE 0 - 16.40 0. - 0. 00

A FOREBODY N 1 1 _ 81 N 1  N B1
F
T CONTOUR A A14 A 4  A I A 2 A 8  A4E

13 FINENESS RATIO 2. - 1
0
D MAXIMUM DIAMETER - - 2.5 in 2.5 in
Y

MAX. BOATTAIL ANGLE 8f I0 200 1i
°  

n0

NUMBER 1 1 1 1

TEMPERATURE COLD 0,011 - COLD -
J
E PRESSURE RATIO - w - 1 - 420 -

CONFIGURATION T
DIAMETER RATIO - .o -IN 17 - 0.2 0.2

NOZZLE GEOMETRY - N & PO)ROt: N 4  N4  N4

NUMBER 2 (W I N;lS NONE NONE' NOE NONE

F THICKNESS RATIO -

N
S SWEEPBACK ANGLE

TRAILING EDGE POS r)RW7,5>'

S DIAMETER RATIO .. 1. - 0., - 0.7 1.0
A

S AREA RATIO I .1. 0.25- 0.49 1.96

CHARACTER T TBOuiNDARY _
LAYER Rd x 10 '. s I,. - 1.25

PARAMETERS R O-

THEORETICAL A YES N) NOTYPE OFt

INVESTIGATION EXPERIMENTAL , .' " YES YS

MOUNTING TECHNIQUE "'7 r 1 '1

MEASUREMENTS BOATTAIL PRESS DISTR s;o , P r

FORCE is i" N' O

OUTPUT FORMAT ___ , IC " j___

M T.,-I. T .AI- 7..'7 TC 2.c -.L .
I Rd '. ( T CT C12

RESULTS M

TI a

OTHER -' 777, ' - -

AIRCRAFT

PRINCIPAL MISSILES
I APPLICATION

API OPROJECTILES

NACELLES

I 1



OP(RTS SURVEYED

l116 117 119 119

MACH NUMBER RANGE 3.0 - 4.0 O.t - 0.9 1.92 SIIPI I'

TEST I- 1.2 - 12 0.2 - 1.06 38.5
CONDITIONS RENLSN/T I_____ _____

0 RANGE 0. )1 - 16 o 0 o ID o

A FOREBODY N I B P31Ili
F
T CONTOUR A1  A  , A7  A4
E I 1 4_
B FINENESS RATIO
0 0_____

o MAXIMUM DIAMETER l.a 1a 63.5 'in I .6 3. .Y

MAX. BOATTAIL ANGLE . , 1

NUMBER NiNE I

TEMPERATURE -- ,C1,[
J
E PRESSURE RATIO . - 4. .1,W

CONFIGURATION 
T

DIAMETER RATIO 'I a -

NOZZLE GEOMETRY -O)F AND

NUMBER a, 4 '. .V N '.3

F THICKNESS RATIO 5.0 62

N
S SWEEPBACK ANGLE ii -

TRAILING EDGE POS. T I P iW )I

e DIAMETER RATIO 6,,
A

S AREA RATIO . , .1 1 -

CHARACTER :, T T - -
BOUNDARY '

LAYER R1  I 10 a.l - l. 1,4 -..

PARAMETERS RL x I
-  

- ,) - .4 -

TYPE OF THEORETICAL N, '" -'

INVESTIGATION E XPERIMENTAL y):7 : YES

MOUNTING TECHINIQUE a , ,

MEASUREMENTS BOATTAIL PRESS DISTR . , .7 P V P T

FORCE . NI'

OUTPUT FORMAT

L. , - .1."T c' 5 PIERSONIC

M Rd T C" 'V .' T C" 'T .

RESULTS

T aid a o -0. D 
o  

1' a
0

*OTHER

AIRCRAFT

PRINCIPAL MISSILES

APPLICATION PROJECTILES

NACELLES
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